Introduction
Sensorineural hearing loss prevalence in developing countries has been studied very little across different age groups. Different conclusions are drawn for each population studied depending on their socio-economic and geographic characteristics. In a country such as Mexico, sensorineural hearing loss may be more frequent among populations living in poverty. For example, in a recent study performed in otherwise healthy newborns from a private hospital in one of the wealthiest counties in Mexico, Monterrey, investigators found a sensorineural hearing loss frequency of 0.65/1,000 newborns 1 , while in high-risk infants (mainly premature) from a Mexico City-based government-sponsored hospital, investigators reported that the frequency of hearing loss can be as high as 13.4%, mainly related to exposure to ototoxic drugs, hyperbilirubinemia, asphyxia, and low birth-weight 2 . No study on the prevalence of sensorineural hearing loss in children in Mexico has been carried out. However, studies from other Latin-American countries have disclosed important findings. In rural Nicaraguan children, a sensorineural hearing loss prevalence of 18% was found and was related with middleear infections, family history of deafness, dysmorphism, maternal infection during pregnancy, neonatal distress, low birth-weight and ototoxic drug exposure 3 . In school-aged children from Medellín, Colombia, investigators found a fre-quency of 20% hearing loss in children, and the major associated risk-factors were comprised of: history of language development delay, middleear effusion, deafness in the family, and repetitive acute respiratory infections 4 . In adults in Mexico, hearing loss was estimated to be 21.07% in 3,726 subjects studied from rural communities; severe and profound hearing loss was found in 6.39% and 10.31% respectively 5 . Nonetheless, we observe in the literature that sensorineural hearing loss prevalence and associated risk factors in teenagers have not been studied.
The objective of the present study was to measure the frequency of hearing loss in a sample of teenagers and to weigh its relationship with the teenagers' exposure to several risk factors for sensorineural hearing loss, including respondent history of middle-ear infections, exposure to music at high levels, noise in school workshops or from fireworks, and other noise-producing activities.
Materials and methods

Subjects
This study represents part of the work of our research team in investigating the prevalence of hearing and language disorders in Mexico. In this case, the school selected represents a typical public, government-run high-school with students residing within the Mexico City area who are mainly from low-and middle-income families. Inclusion criteria for the study included being a regular high-school student of either gender aged between 14 and 19 years. The protocol was approved by our institution's Ethics and Research Committees.
After scheduled examinations and with the aid of the corresponding school personnel, the randomly chosen students were led to a mobile unit bus for the evaluation: we decided that if a selected student had not attended class on the day of the test, that student would be replaced by the next student of the same gender on the list. Once the students were inside the mobile unit, they were asked to respond to a questionnaire to determine their history with regard to hearing pathologies. Written consent was obtained from the students or from their parents or guardians (if the students were minors) for participation in the study according to the Declaration of Helsinki.
Questionnaire
We employed a brief questionnaire to assess qualitatively antecedents of several risk factors for sensorineural hearing loss in teenagers. The questionnaire comprises several sections: selfperception of hearing loss; potential ototoxic drugs consumption; antecedent of deafness in the family; recurrent otitis media and head trauma; sport activities performed in noisy environments; noise exposure during leisure time, and noise at high school activities and workshops. If students did not understand the concept in the question, they received a comprehensive explanation prior to their response.
Procedures
Study personnel were transported daily to the school in a mobile unit bus equipped with audiometric devices and sound-proof chambers. The otoscopic examination was conducted on the teenagers and each canal was cleaned out, where deemed necessary. The throat and nose were also examined. Investigators had extensive experience in the field (at least 10 years of work). Correlations between results from investigators were high (0.92), and any difference in results among examiners was revised and approved by the senior investigator (M.C.M.-W.).
We used a Madsen model Midimate-622 Audiometer (Madsen Electronics, Copenhagen, Denmark) that was calibrated daily according to American National Standards Institute guidelines (ANSI Standard S3. . Air conduction thresholds were measured for each ear at 0.5, 1, 2, 4, and 8 KHz using the Carhart-Jerger method as described previously 6 . A threshold value was defined as the lowest signal intensity that the child detected monoaurally at least 50% of the time with a minimum of four trials; stimuli were administered in 5-dB-steps.
Afterwards, a tympanometry was performed to assess the conditions of the tympanic-membrane, middle-ear, and Eustachian-tube function; we employed the AE803 model of Tympanometer (American Electromedics, Hudson, USA) with a 225-Hz probe using a conventional clinical methodology 7 .
Cases revealing an inflammatory or infectious process were prescribed medical treatment, but their results were taken into account in the study. All students received information regarding the results obtained and indications concerning preventive measures to avoid noise-induced hearing loss; if these students already presented hearing loss, recommendations were given to avoid its worsening. 
Statistics
We studied a sample of high school students and calculated sample size with the formula for finite samples, in a population of 1,622 students with an expected frequency of 0.8, a confidence level of 1.96, and an error of 0.05 8 . Final sample size was 213.6 (N = 214) subjects; their number was adapted proportionally to the previous mentioned gender proportion and to the course semester as shown in Table 1 . Calculations were performed using Stats version 2 Software (Decision Analyst Inc., Arlington, USA). The student lists constituted the sampling framework.
Mean ± standard deviation (SD) of quantitative variables and percentages of binomial variables were calculated. Student t tests and χ 2 tests were used to compare quantitative and binomial variables respectively. Strength-of-association among independent variables (sensorineural hearing loss) and risk factors was measured by prevalence ratio and prevalence odds ratio (OR) calculations. The p value accepted a priori for detecting differences was p ≤ 0.05 8 . Table 1 Sample proportion by population, gender, and semester in the course.
Semester
Female Table 2 Questionnaire results in high-school students in the sample. 
Results
Overall data
We studied 156 male (73%), and 58 female (27%) students (N = 214). Distribution by gender and semester is shown in Table 1 . The average subject age was 16.3 ± 1.07 years.
Questionnaire
Adequate, self-reported hearing was reported by 53% of students; 8% reported unilateral hearing loss; and 39% reported that they did not know their hearing status. Aminoglycoside, diuretic, and illegal drug abuse were reported as negative.
Other drug consumption was reported by 31% of the study participants, with alcohol abuse predominating ( Table 2) . Half of the subjects played a ball sport and only 8% engaged in other sports, including swimming (Table 2) . Recreational noise exposure, mainly to music, was referred to in the following three forms: use of personal stereos; discotheques, and pop-music concert attendance. Sixty-eight subjects (32%) had exposure to one type of music at a high level, and 21 (10%) were exposed to combined modalities.
Analysis of recreational noise exposure in the three previously mentioned modalities indicates exposure to continuous noise during the past five years on average. Exposure to noise in pop-music concerts and to other forms of exposure to highlevel musical loudness by the same subject had a significant relationship with hearing loss (p < 0.05). Intensity of recreational noise exposure Table 3 Recreational noise exposure in high-school students of the sample.
Number of concerts in the last 5 years
Discotheque attendance per month
Number of years using earphones is depicted in Table 3 . A significant association was found with attendance at concerts and discotheques (p < 0.05). No association was found with use of personal stereos and sensorineural hearing loss, in spite of the fact that 30 subjects had been using these for more than five years.
Moreover, in addition to exposure to recreational noise in the form of music, students experience unprotected exposure to considerable noise in school workshops; machinery and tool-making workshops were those with the highest attendance levels (13%). Table 4 Audiometric results in high-school students in the sample. 
Audiometric tests
Otoscopies revealed otoserosis in 10% of subjects and myringosclerosis in 2%. Tympanometry showed transient abnormal curves: Jerger's types "As" and "Ad" were found in 10% and 8% of subjects, respectively, but only 2% presented permanent conductive hearing loss ( Jerger's type "C"). Hearing loss was found in 21% of students. 39 subjects showed a mild noise-related sensorineural hearing loss, and five exhibited moderate noise-related hearing loss (Table 4) with bilateral affection in 23 and unilateral in 21 subjects. The right ear was slightly more affected than the left.
Association between questionnaire and audiometric data
The degree of hearing loss related to a musicalorigin and recreational noise exposure was more frequent in those attending concerts and using personal stereos for both genders; eight cases were not related with this type of exposure. Of the 67 ears with noise-related sensorineural hearing loss, 48 were not involved in noisy school workshops and only 13 were exposed to machinery and tools workshop. In seven of the 31 students, the cause of noise exposure could not be determined. We measured strength-of-association between hearing-loss risk factors and acoustic trauma. A moderate association was obtained with four factors, and the highest value was found for pop-music concert attendance and for combined exposure to recreational noise. OR with values > 2 was found for three variables; exposure to a noisy school workshop was an outlier. A significant relationship was found for all three recreationalnoise exposure modalities and for noise exposure in school workshops (Table 5) .
Discussion
Main findings and overall data
The main finding of this study was the existence of a high frequency of sensorineural hearing loss among teenagers from low-and middle socioeconomic strata at a typical high school in Mexico City when compared with data from other studies performed in developed countries such as the U.S. 12.5 vs. 20% 9 . However, this high frequency is in agreement with data after the AbdelRahman et al. 10 study, whose authors report a prevalence of 22% in a sample of adolescents in another developing country: Egypt. The hearing loss that we found was mainly related to noisy recreational activities, a fact that is a well-recognized risk factor for sensorineural hearing loss 11 . The sample used was proportional to gender and semester in course, and subjects' ages correspond with those of teenagers. Bilateral presentation of sensorineural hearing loss in 23 cases confirms exposure to intense and continuous noise. The commercial music industry and technological development have in part led to an increasing number of teenagers participating in leisure-time activities that involve exposure to music at high intensity. The most frequent reported recreational activities among teenagers from our sample correspond to attendance at concerts and discotheques, as well as combining such an activity with the use of a personal stereo, which among other alterations produce changes in the Corti's organ 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24 . Although 75-80% of adolescents in Mexico are aware of the secondary effects of this noise exposure, they continue to place themselves indiscriminately in situations of exposure.
Music at high intensity levels can be considered as continuous and unstable sound that may induce transient temporary hearing loss with temporal manifestations that can last minutes, hours, or days after the cessation of the intense stimulus, or that can be permanent due to repetitive exposure to noise 9 . Sound pressure levels in the ear become damaging at > 75dB (A) and painful at 120dB (A); the tolerance limit recommended by the World Health Organization (WHO) is 75dB (A) 25 . The ear requires more than 16 hours of rest to compensate for 2 hours of exposure at 100dB (A) after attendance at concerts and discotheques. Noises that are greater than 120dB (A), such as those produced by several pop-music groups or those from personal stereos played at a loud volume can result in permanent hearing loss, with a single exposure in some cases. Impact noise at levels > 140dB (A), such as that produced by drums in bands, can induce immediate hearing loss.
Risk factors for noise-induced hearing loss in teenagers mainly comprise the following: time of exposure and noise intensity [in workers, exposure to > 90dB (A) during eight working hours for five or more years]; age and recreational sound activities, depending on age at beginning of exposure to noise, noise duration, noise intensity, and the frequency at which exposure occurs; inherited genetic factors regarding ear sensitivity to noise, and otologic antecedents. Risk is higher in ears with previous pathology. With regard to gender, women maintain better hearing, and characteristics of the environment including direct protection barriers such as the use of ear-plugs, and room conditions. Hearing loss progression and continuous exposure to noise could lead the teenagers of today to troubles with language comprehension, academic failures, and the use of hearing aids at an average age of 50 which is 20 years earlier than their parents would have had to do the same.
Questionnaire
Questionnaires represent a useful tool for screening many harmful diseases, including hearing loss in adolescents; moreover, a recent web-based survey was performed with excellent results 26 . Regarding certain hearing loss-associated risk factors, the sample of teenagers studied comprised a special group at risk of sensorineural hearing loss in terms of age. Calculating the association with the pathology revealed that there is a 1.5-times higher probability of suffering a hearing loss among men.
Certain sports activities require direct ear protection, such as swimming 27 , mountain climbing, boxing, motorcycling, firearms use, and others, as investigated in adolescent and young workers 28 . In our study, sports showed no significant association; this may be explained because the favorite game of teenagers in Mexico were ball games such as soccer and basketball, sports in which high-level noise-exposure is notsignificant.
Exposure to recreational noise presented a powerful association with sensorineural hearing loss, that is, > 1 for all modalities, except in the case of the use of personal stereos alone and in use of earphones with attendance at discotheques. Exposure to noise in pop-music concerts and to the three modalities of high-level loudness exposure in music by the same subject had a significant relationship that has been reported in the medical literature 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24 . No association was found with the use of personal stereos alone, despite the fact that 30 subjects have been using these for more than five years, but a significant association was found with noise exposure in concerts and discotheques alone or in a combined fashion (including use of personal stereos). If we consider that the maximal permissible limits of noise exposure, which indicate no more than eight hours at 90dB, no more than four hours at 93dB (A), and no more than 15 minutes at 105dB (A), our data suggest that youngsters in Mexico may exceed these limits in both time and intensity. Moreover, we must take into account the exposure of teenagers to other noise sources, such as noisy school workshops and fireworks explosions, the first of which showed a significant correlation.
Audiometric findings
A history of pathological ear problems was established by means of otoscopy and tympanometry, even when denied by some students, but did not reveal a significant association with sensorineural hearing loss. More recently, novel methods to assess hearing loss as a result of noise exposure are being employed, such as otoacoustic emissions that can predict lesions prior to their being disclosed by a clinical audiometry, and these are used more frequently to assess exposure to workrelated noise 29 . Studies concerned with exposure to urban recreational or environmental noise are scarce in Mexico, but one study found high levels of street noise during day time, related to automotive traffic 30 . Additional research is difficult to perform due to the lack of resources allotted to this risk group; but teenagers total around 8 million of the population of Mexico, and 60% are high-school students, so further research is necessary.
There is controversy among researchers regarding the issue of personal stereo use among adolescents; there are those who consider that there is no greater susceptibility to hearing loss in teenagers with a case history of otitis media 31 , whereas others have found there to be significant hearing loss among those with an otitis media history 32 . To search for these antecedents requires the prospective use of otoscopies and tympanometries in personal stereo users to determine alterations in middle ear integrity and function. We must perform larger prospective studies to confirm results from the data of this study, due to the small size and geographic limitations of our sample.
An important factor that may impair hearing perception in teenagers with sensorineural hearing loss is high levels of noise in classrooms. For example, the average noise levels measured in different elementary school rooms in Japan were found to be around 50dB (A), teachers' speech levels averaged 60dB (A), and there was a mean speech-to-noise ratio of 11dB (A) during teaching activities. Mean reverberation time in occupied classrooms was 0.41 seconds 33 . The presence of a high background noise may be the most dangerous factor that impairs discrimination of language sounds in Mexican teenagers with sensorineural hearing loss. We propose that these factors can act alone or in a combined manner to impair cognitive abilities, which depend mainly on hearing in young individuals with sensorineural hearing loss.
Hearing loss as a public health concern
Public health concerns about noise-induced hearing loss are growing. Several recent studies have shown that sensorineural hearing loss is the most frequently occurring preventable disability and that it can be caused by recreational or occupational sources 34, 35 children at ever younger ages 36 , suggesting that many sources of noise may already be impacting the hearing of young people. Individuals suffering from sensorineural hearing loss often exhibit reduced psychosocial functions and, increased feelings of isolation, depression, loneliness, anger, fear, frustration, and disappointment in their most productive years of life. These facts must be changed in order to develop hearing conservation programs in teenagers, educating participants on the dangers of exposure to high-noise levels and on ways to protecting their auditory system. Unfortunately, there remains a paucity of educative and health authorities in Mexico for the development of programs of hearing health conservation. Moreover, Mexican teenagers have negative attitudes toward the use of measures of hearing protectors such as ear-plugs, and toward avoiding high levels of music in their leisure time. Thus, data from this study may contribute to alerting both teenagers and authorities to take preventive measures against sensorineural hearing loss in teenagers.
Our study has some limitations. We performed a cross-sectional study instead of a prospective follow-up with a more statistical power. The sample size is small, thus in future studies our team must utilize larger samples in more schools in the Mexico City area. This action can be attained with the combined work of different research teams. The lack of certain associations will be related with low statistical power.
Conclusions
The frequency of hearing loss in high school students from Mexico City exposed to noise may be high at one fifth of the studied sample. These data merit concern on the part of Health Department authorities, because they reveal that hearing loss in teenagers is a major public health concern in Mexico City.
Sensorineural hearing loss in teenagers was significantly related to noisy recreational activities. These data must be taken into account in planning strategies for sensorineural hearing loss prevention, such as specific education in hearing conservation, mandatory limits of the sound intensity of personal stereos, and of loudness in discotheques and pop-music concerts, and the use of ear plugs for protecting hearing in loud environments. 
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